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寰枢关节与椎动脉的相互关系值。(2) 解剖观察 C1、C2 颈神经的行程，探讨标
本神经的标记方法，并分析寰枢关节旋转时可能导致的 C1、C2 颈神经行程变化。
(3) 通过三维 CT 诊断寰枢关节不全脱位的临床研究，探讨寰枢关节不全脱位的
临床诊断与治疗方法选择。 
方法：(1)从本院 PACS 中选择需除外头颈部血管疾病而行 CTA 扫描检查的
资料（对颈部旋转无明显异常临床检查患者按检查时段分成三组，每组检查时段
约 3 个月，包括中立位及左、右旋转位进行容积扫描）中，选出椎动脉无明显病
变的扫描资料 159 例，作为笔者的研究对象。研究对象年龄 18-55 岁，其中中
立位 CT 三维扫描 54 例， 头部最大左侧旋转 CT 扫描 55 例， 头部最大右侧旋
转时 CT 扫描 50 例。采用 GE AW 4.2 工作站进行三维成像，成像方法包括容积
重建法(volume rendering，VR)、最大密度投影（maximum intensity projection 
MIP）、多平面重建（multiple planar reconstruction MPR），并进行相关数据测













摘  要   
II 
高度、直径。(2)选取经福尔马林浸泡固定的头颈部寰枢关节标本 8 例，进行局
部解剖并暴露颈 C1、C2 神经，利用 300mgI/ml、370 mg I /ml 造影剂、40%硝
酸银溶液分别和不同剂型为 1000、4000 粘合剂按 1:1（体积比）比例调和，并
加入水彩粉末，将调和后的混合物均匀涂抹于颈 C1、C2 神经；椎动脉用导丝或
含 30%泛影葡胺的动脉灌注红色乳胶液体标记。然后行 CT 扫描并三维重建，观
察显示神经效果。选择显示效果好的组合涂抹 C1、C2 神经的寰枢关节标本，再
进行旋转运动观察，然后固定于左、右旋转位，再行 CT 扫描并三维重建，观察
寰枢关节、椎动脉、颈 1-2 神经的关系。 (3) 回顾性分析我院 2006 年 1 月-2011
年 6 月住院治疗的寰枢关节不全脱位患者并进行了寰枢关节三维扫描患者的临








脉第 4 弯宽度、高度均增大。第 4 弯高度宽度为零者，均为寰椎的变异桥环，主
要为 IV 型后环和侧环，与其相对应同侧第 2 弯宽度、高度、管腔直径在中立位
与旋转位比较时无统计学意义。(2) 造影剂与粘合剂混合涂抹神经后经 CT 扫描
三维重建可以清楚显示神经形态。C1 神经在椎动脉寰枢段第 4 弯曲下缘，横突
孔内缘，紧贴椎动脉，提示椎弓根螺钉有可能损害椎动脉。C1 神经在寰枢关节
旋转过程中，基本随寰椎移动，没有明显相对位移。C2 神经随着寰枢关节旋转













摘  要   
III 
位患者临床表现以枕颈部疼痛、颈部旋转活动受限为多,发生率超过 78%。 影像
检查阳性率 X 线侧位与齿突张口位平片为 81.8％，常规 CT 为 94％，CT 三维成
像阳性率 100％、MR 检查阳性率 25％。出现寰枢外侧关节面错位 100％、寰齿间
隙增宽 24％、 齿突侧距偏移 90％及左右寰枢外侧关节间隙不对称 60％。37 例
非手术治疗患者中临床治愈 13 例，显效 17 例，改善 7 例；13 例手术治疗患者
中临床治愈 7 例，显效 3 例，改善 3 例。寰枢外侧关节面错位为 2.0-4.0mm 患者
并发症率 51.7%(15/29)，选择手术治疗 13.8%(4/29),治疗显效率为 93.1%
（27/29）；错位 4.1mm 以上患者并发症率 52.4%(11/21)，选择手术治疗
42.9%(9/21)，治疗显效率为 61.9%（13/21）；其中选择手术治疗、治疗显效率
统计学处理两者有显著差异性（P ＜ 0.05）。 
结论：(1) 寰枢关节旋转导致椎动脉的形态改变，包括椎动脉倾角增大，
大小直接决定了椎动脉寰枢段第 2 弯在寰枢关节旋转时的伸缩程度；旋转时对侧
椎动脉寰枢段第 2 弯高度变小。寰枢关节右旋转时，右侧椎动脉寰枢段第 4 弯宽
度、高度均增大。(2)造影剂与粘合剂混合涂抹神经后 CT 扫描三维图像显示神经
满意，C1 神经在椎弓根螺钉植入时有可能受损，C2 神经可能受寰枢关节外侧关





















Background: Atlantoaxial joint, as the transitional zone between head and neck, 
has played an important role on the rotational movement of head. Atlantoaxial joints 
are complicated, and adjacent to the vital structures including cervical spinal cord, 
vertebral artery, cervical nerve and so on. The abnormal atlantoaxial joint may lead to 
the damage of cervical spinal cord, vertebral artery, cervical nerve, and cause serious 
consequences. To clear the relationships with atlantoaxial joint and peripheral 
vascular and nerve, it has an important value in cervical diseases related to the 
diagnosis and treatment. Atlantoaxial subluxation was reported firstly by Corner in 
1907, along with the development of occipital and neck surgery and diagnostic 
imaging technology, atlantoaxial subluxation has been given more and more attention, 
many scholars research with great concentration, but atlantoaxial subluxation has not 
been unified and exact recognition. There are many arguments and disagreements 
regardless of the etiology, classification, diagnostic criteria and treatment methods 
and other aspects. 
Objective: (1) To observe the morphological changes in atlantoaxial segment of 
vertebral artery, and measure the distances of atlantoaxial joint and vertebral artery, 
and to observe their variability. (2) To observe the course of C1, C2 nerve, and to 
explore the marking method about the specimen nerve, and analyse the course 
changes of C1, C2 nerve on the movement of atlantoaxial rotatory. (3) By means of 
the clinical research of atlantoaxial subluxation on three-dimensional CT, to discuss 
the clinical diagnosis and treatment about the atlantoaxial subluxation. 
Methods: The CTA imaging data who need to eliminate head and neck vascular 
disease, were selected from the PACS in our hospital( patients without abnormality on 
neck rotation were divided into three groups according to the inspection period, each 
group about 3 months, including the neutral position and the left and right, then the  
volumetric scan were made ), the scanning data of 159 patients without significant 















and 55 years, in which the neutral CT scanning data were 54 cases, left maximum 
rotation of head CT scans were 55 cases , and right maximum rotation of head CT 
scans were 50 cases. 3D images were performed by GE AW 4.2 workstation. The 
imaging method include volume rendering(VR), maximum intensity projection (MIP), 
and multiple planar reconstruction (MPR), and related data were measured. 
Parameters measured included: rotatory angle of atlantoaxial, angle of inclination on 
vertebral artery, the width, height, diameter of the second and fourth curves on 
vertebral artery. (2), 8 cases of head and neck atlantoaxial joint specimens by the 
soaked in formalin fixed were selected, which were partly dissected to expose the 
cervical nerve C1, C2. 300mgI / ml, 370 mg I / ml contrast medium, 40% AgNO3 
aqua and different type1000,4000 adhesive were mixed thoroughly in1:1( volume 
ratio ), and joined the watercolor powder, which were smeared evenly on the carotid 
C1, C2nerve. To mark vertebral artery by guide wire or containing 30% diatrizoate 
meglumine of arteries perfused with red latex liquid. Then the CT scanning and 
three-dimensional reconstruction were performed, and the revealed nerve effect was 
observed. Choose good display effect of combination of C1, C2 nerve of the 
atlantoaxial joint specimens, and then rotating movement was observed, which were 
fixed on the left and right rotation position, and CT scanning and three-dimensional 
reconstruction were performed, atlantoaxial joints, vertebral artery and carotid 1-2 
neural correlations were observed. (3) 50 patients（37 cases without operation, 13 
cases with operation）with atlantoaxial subluxation were retrospectively analyzed, 
from January 2006 to June 2011. the clinical features, imaging findings and treatment 
methods were analyzed, and the clinical effects were observed. 
Result: (1) With atlantoaxial rotating, the left rotation angle is larger than the 
right angle of rotation, respectively 31.04±9.89°,24.32±7.9°. Left, right angle of 
inclination angle in the atlanto-axial joint left, right rotation were bigger than in the 
neutral position, respectively 22.57 ± 7.37 ° ,23.23 ± 7.39 ° ,8.76 ±
2.73°;21.83±6.5°,23.94±6.90°,9.77±3.17°. Neutral group, left rotation, 















inclination angle on the same group. Data for this study, the inclination angle in 
neutral position were left forward and right backward type, which was the most type, 
accounting for about 46% of all. With Atlantoaxial rotating, the number of the second 
curves on side straightening (height and width is zero ) was biggest of all. The height 
and width of the fourth curves were zero, whose atlantoaxial were bridge ring 
variation all, mainly IV type back ring and the lateral ring, and there was no statistical 
significance of the corresponding ipsilateral second bending width, height, diameter 
between the neutral position and rotational position. With Atlantoaxial rotating left, 
right vertebral artery second bending height is smaller than the neutral position. With 
Atlantoaxial rotating right, the left vertebral artery second bending height is smaller 
than the neutral position, and right vertebral artery fourth width, height are larger. (2), 
Painting nerve by contrast agent mixed with adhesive then performed by CT scanning 
three-dimensional reconstruction can show the neural morphology clearly.C1 nerve 
was at the lower edge of the vertebral artery fourth curved in atlantoaxial segment, 
and the transverse foramen inner edge, closing to the vertebral artery, suggesting the 
pedicle screw may damage the upper pedicle. With atlantoaxial rotating, C1 nerve 
moved without apparent relative displacement. With atlantoaxial rotating, C2 nerve 
had relative movement. Atlantoaxial lateral articular surface was likely to hit the C2 
nerve root. (3) Clinical manifestations of patients with atlantoaxial subluxation are 
mostly the neck pain with the incidence of 84%, and the rotation limitation with the 
incidence of 78%. The diagnosis positive rate of X-ray plain film was 81.8%, which 
of CT was 94%, three-dimensional CT was 100%, MR was 25%. The sign of 
dislocated joint face was showed with 100% in medical imaging, atlanto-odontoid gap 
widened with 24%, odontoid process deviated with 90% and asymmetry joint space 
between left and right lateral atlantoaxial with 60%. 13 cases were obtained clinical 
cure , 17 cases were effective , 7 cases were improved in all the 37 cases without 
operation; 7 cases were cured, 3 cases were effective, 3 cases were improved in all the 
13cases with operation .The complication rate was 51.7% (15 /29), the operation rate 
was 13.8% (4 /29) and the treatment effective rate was 93.1% (27/ 29) in all 29 















was 52.4% (11 /21), the operation rate was 42.9% (9 /21) and the treatment effective 
rate was 61.9% (13 /21) in all 21 patients with the width of dislocated joint face was 
over 4.1mm.There were significant differences in the rate of operation, treatment 
efficiency between the two groups (2.0-4.0mm and up to 4.0mm) ( P < 0.05). 
Conclusions: (1) Atlantoaxial rotatory will lead to vertebral artery morphological 
changes, including the increased inclination angle of vertebral artery and shortened 
height in the second curve of vertebral artery. (2) Contrast agent mixed with adhesive 
can mark the nerve, which can be clearly displayed by CT scan. C1 nerve may be 
impaired during pedicle screw, C2 nerves may be affected by the atlantoaxial lateral 
articular surface pressing. (3) Three-dimensional CT has important value to diagnosis 
on the atlantoaxial subluxation, and it is very necessary to combination with the 
clinical symptoms and physical signs, in order to make the correct diagnosis. The 
width of dislocated joint face has a direct relationship with the choice of treatment 
method and clinical effect. 
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径较为细小的神经，因此美国可视人计划（Visible Human Project, VHP）甚至将
神经显示技术难题列为全球招标项目亟待攻克。本研究利用 CT 三维重建技术探
讨颈神经的标记方法，同时观察 C1、C2 的走形及寰枢关节旋转时 C1、C2 的
变化。为颈部周围神经损伤的诊断及治疗提供相关参考。寰枢关节不全脱位由

















第一部分:寰枢关节旋转与椎动脉关系的三维 CT 影像解剖 
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1.1.1 一般资料：从本院 PACS 中选择临床因需除外头颈部血管疾病，而行
CTA 扫描检查的资料（对颈部旋转无明显异常临床检查患者按检查时段分成三
组，每组约 3 个月，包括中立位及左、右旋转位进行容积扫描）中，选出椎动脉
无明显病变的扫描资料 159 例，作为笔者的研究对象，年龄 18-55 岁，其中中
立位 CT 三维扫描 54 例， 头部最大左旋转 CT 扫描 55 例， 头部最大右旋转时
CT 扫描 50 例。 
1.1.2 材料及设备：扫描机为多排螺旋 CT(multi-detector-row spiral CT, 
MRCT，Light Speed VCT, GE 公司，美国）及图像处理工作站(Advantage 
workstation aw4.2 型，GE 公司，美国)，造影剂(Omnipaque,300mgI/ml),用量
为 1.5-2.0ml/kg 体重，注射速度 3.0-4.0ml/s。压力注射器为单筒或双筒
(MCT-plus 型 PGH 或 STEL-LANT,MEDRAD 公司，美国)。 
1.1.3 扫描方法及资料处理：常规经前臂静脉注入造影剂，延迟扫描时间分
别为 25s、45s，进行连续 2 期螺旋 CT 扫描。扫描层厚为 0.625 mm，回顾性重组
间隔为 0.625mm，扫描螺距 (Pitch)为 0.984，范围为 30-50cm，均为 1 次屏气
完成扫描。扫描体位为仰卧位，听眦线垂直台面。扫描条件：120kv 3mAs。成像
方法包括容积重建法(volume rendering，VR)、最大密度投影（maximum intensity 
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